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Motivation

• Sequence          Structure gap
– 10 million sequences in UniProt
– 65000 in PDB

• Similar sequence       similar structure
– Use existing 3D structures
– Comparative modeling
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MODELLER Overview
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Sali  & Blundell, 1993

http://www.ch.embnet.org
http://www.ch.embnet.org


Initial Alignment(s)
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• Search for sequence similar structures
– Blast, ClustalW etc.
– Sequence identity > 40 %

• Align target with template(s)
– Inspect them carefully Rost, Lecture PP, 2010

http://www.ch.embnet.org
http://www.ch.embnet.org


Spatial Restraints
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• Generate restraints from alignment

• Geometrical criteria
– transformed to prob. density function
– Based on 105 family alignments

• Recent expansion uses electron density 
maps from cryo-EM
– refine low-res results

(!ali & Overington,’94)

http://salilab.org/modeller/manual/node469.html#SalOve94
http://salilab.org/modeller/manual/node469.html#SalOve94


Spatial Restraints
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• 31 spatial restrains
– 8 Energy related (CHARMM 22) 
– 19 Geometry related
– 4 Experimental / special

www.ch.embnet.org

Text

http://www.ch.embnet.org
http://www.ch.embnet.org


Spatial Restraints
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• Computation based on related proteins
– extract averages, standard deviations

Sali  & Blundell, 1993

http://www.ch.embnet.org
http://www.ch.embnet.org


Satisfy Spatial Restraints
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• Find model with the highest probability
• Variable target function

Model close to template

Modified model

use local restraints

Optimized model

optimizeadd more
restraints

Final model
contains all 

restrains



MODELLER overview
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Sali  & Blundell, 1993

http://www.ch.embnet.org
http://www.ch.embnet.org


Limitations
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• Superpose of 10 models

www.ch.embnet.org

http://www.ch.embnet.org
http://www.ch.embnet.org


Limitations
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www.ch.embnet.org
PDB: 1JBJ

http://www.ch.embnet.org
http://www.ch.embnet.org
http://www.ch.embnet.org
http://www.ch.embnet.org


Possible Solutions

13

• Scanning the PDB 
– similar anchors
– similar loops

• Ab initio methods 
– simulated annealing

• Loop modeling is a major issue
– Extremely flexible
– Less conserved
– Important for PPI



Accuracy Evalation
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• CASP9
– THE #1 contest

• EVA
– Evaluation of Automatic 

protein structure prediction
– last updated 2001



Thanks
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Thanks for your attention!

Questions?


